Begomoviruses (genus Begomovirus, family Geminiviridae) are a group of plant viruses transmitted by the white ûy Bemisia tabaci (Aleyrodidae) to a large variety of cultivated and uncultivated plant species. They possess a circular single-stranded DNA genome encapsidated in twinned icosahedral virus particles (Rojas et al., 2005) . Huge economic losses have been observed in India and other countries due to geminivirus infection in cotton (Briddon & Markham; 2000) , tomato (Moffat; , cassava (Thresh; 1998) and grain legumes (Verma; 1992). Begomovirus are an outsized varied family of plant viruses (Mansoor et al., 2003) which infects an expansive assortment of plants such as ornamentals, weeds and crops and causes a noteworthy loss to agriculture and horticulture worldwide (Lima et al., 2013) . More than 80% of the known geminiviruses are transmitted by whiteflies and belong to the genus Begomovirus.Most of these viruses have bipartite genome designated as DNA-A and DNA-B and infect dicotyledenous plants. Ornamental plants are extensively scattered worldwide and have high environmental adaptability. Ornamental plants are considered as a foundation of new viruses and are considered as reservoirs of unidentified economically imperative viruses which are often neglected during virus diversity study (Urbino et al., 2013) . Many scientific reports have demonstrated that ornamental plants serve as reservoir or alternative hosts for begomovirus survival and spread in the absence of the main crops (Iiyas et al., 2013). Thus, there is a pressing need for additional information on the diversity and distribution of begomovirus in ornamental plants.
Calendula ofûcinalis L. (Asteraceae) is an important annual ornamental plant grown in gardens during the winter season and has an aesthetic beauty of bright yellow colored flower. It belongs to the family, Asteraceae, and is commonly known as Pot Marigold. The plant is native to Central and Southern Europe, Western Asia and USA. In addition, it has a considerable importance to the cosmetic/pharmaceutical industry because of it's used in the manufacture of antiseptic creams.
Plant viruses affect the aesthetic value of ornamental Calendula by reducing its rate of growth as well as the quality and quantity of its ûowers. Calendula officinalis plants have been found to be affected by Cucumber mosaic virus (Lisa & Della-Valle, 1979; Naqvi & Samad, 1985) , Turnip mosaic virus (Lisa et al. , 1979) and Tobacco mosaic virus (Hristova et al ., 1994) . A rosette disease transmitted by whiteûies and grafting was recorded on C. ofûcinalis by Gupta & Verma (1983) . In the present investigation PCR and nucleic acid sequence based molecular identification and characterization of begomovirus associated with leaf yellow vein disease of Calendula officinalis was done.
Materials and Methods

sample Collection
The twenty Calendula officinalis plants showing vein yellowing, shortening of leaves and petioles, stunting of plants, reduction in growth, The total genomic DNA was extracted from symptomatic and asymptomatic leaves of calendula plant using CTAB method (Dellaporta et al., 1983) . DNA extract was allowed for PCR based detection of virus using primers (TLCVAV1- o C for 10 min. The PCR amplicons obtained were electrophoresed through 0.8% (w/v) agarose gel in 1X TAE and visualized under UV light after staining with ethidium bromide (0.5 ug mL-1). PCR amplified products of expected sizes were purified (GeneJET Gel Extration Kit, Lithuania) and ligated into the pTZ57R/T vector (Fermentas, Arlington, Canada). The recombinant vector was transformed into E.coli. strain DH5a. Selected recombinant clones were screened by PCR using same set of primers as described earlier. Restriction digestion of plasmid DNA of recombinant clones was carried out to further confirm the presence of insert in the vector.
nucleic acid sequencing and data analysis
The selected positive clones were sequenced at the automated DNA sequencing facility, Department of Biochemistry, Delhi University, South campus, New Delhi using M13 and T7 primers (Chromus Biotech Pvt. Ltd., India). The sequence data obtained after sequencing was then validated by performing BLAST [www.ncbi. nih.gov/BLAST] (Altschul et.al., 1990) analysis.
BLAST programme of NCBI was used to analyse the sequence data and to find related begomovirus sequences for in-silico analysis (Altschul et al., 1990) . Nucleotide and amino acid sequence homologies were viewed using Bioedit software 7.3. (Hall, 1999) . Sequence alignments were produced using Clustal W programme (Thompson et al., 1994) . Phylogenetic trees were constructed based on matrices of aligned sequences using neighbour-joining algorithm of Mega 5.0 software (Tamura et al., 2011) .
results detection of begomovirus
The symptoms of infected Calendula ofûcinalis plants observed during field survey in campus of S. V. Patel University of Agriculture & Technology, Meerut were vein yellowing, shortening of leaves and petioles, and stunting of plants, reduction in growth, number and size of flowers ( Fig. 1 A & B) . To identify the begomovirus associated with the disease, PCR was performed using the total DNA of infected and healthy samples with a pair of primers specific to the coat protein (CP) gene of the genus Begomovirus (Singh 2013 ). The electrophoresis of PCR products on 0.8% agarose gel showed the expected size (770 bp) amplicons in infected samples only ( Fig. 2 and  3) . However, no such amplicons were obtained in healthy samples. The PCR amplicon was cloned and sequenced and the data obtained from clones was submitted to GenBank and Accession number KT833850 was assigned. sequence analysis BLAST search analysis of nucleotide sequence KT833850 revealed 95-98% sequence identity with various strains of Tomato leaf curl New Delhi virus (ToLCNDV) infecting Tomato (AB976527), Chilli (DQ029202), Pumpkin (JN129254), Luffa (HM989845), Poppy (KC513822), Potato (KC205270) from India and Black nightshade ( AJ620187), Field bindweed (KC960492), Bitter gourd (AM747291) and Tomato (DQ116883) from Pakistan and KC207815 on Luffa from South Korea. Pair-wise alignment of nucleotide (nt) and deduced amino acid (aa) sequences of the CP gene of the virus isolate in study (Accession no KT833850) with CP gene sequences of selected ToLCNDV isolates from diverse plant species, and other begomoviruses was calculated using Bioedit programme. Pair-wise alignment of the virus isolate in study revealed the 95.3-98.4% identity at the nt level and 86.3 to 91.7% at aa level with various isolates of ToLCNDV ( Table 1) .
The highest identity was observed with several isolates of ToLCNDV reported from different geographical locations and different plant hosts such as tomato (AB976527), Chilli (GU831539), potato (KC205213), Tomato leaf curl New Delhi on Luffa (KC207815) from South Korea. Moreover, the phylogenetic analyses nucleotide sequences of the virus isolate showed a close relationship with various strains of ToLCNDV from tomato, poppy, luffa bitter guard etc. (Fig. 4) .
disCussion
Begomoviruses have been reported from different plant species in India. In the present study, initial survey for the incidence of yellow vein disease in calendula plants showed the 65% incidence (13 out of 20 plants) in PCR assay using coat protein (CP) gene primer pair ( Fig.  2 and 3) . The CP gene primers were reported in successfully detection of begomovirus by PCR in several plants species (Shorab et Similarly, Hallan (1998) reported begomovirus infection in tomato plants by extracting DNA followed by amplification of coat protein region using specific primer pair. The nucleotide sequence of virus isolate was BLAST searched to identify the homologous sequences in the NCBI databases and subjected to construct a phylogenetic tree tree using Mega 5 programme (Tamura et al., 2011) . The coat protein gene of ToLCV isolates showed homology of more than 95-98% with all other reported geminiviruses coat protein gene sequences form different plat hosts ( Table 1 ). The highest homology was observed with several isolates of ToLCNDV reported from different geographical locations and variety of plant hosts such as tomato (AB97657) and potato (KC205213).
The pairwise nucleotide sequence identity (Table 1 ) and phylogenetic study (Fig. 4) 
